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Abstract:

The eutrophication in waters has led to frequent occurrence of cyanobacterial blooms.
One of the main hazards of algal blooms is the production of microcystins (MCs). MCs are a
class of most frequent, abundant, and toxic algal toxins detected in cyanobacterial blooms.
They are chemically stable and difficult to remove, posing a serious threat to drinking water
safety and human health. MCs can enter and accumulate in the body through various ways
such as drinking water, diet, and recreational water, among which oral intake is the most
important route for cyanobacterial toxin exposure. After ingestion into the digestive tract, MCs
are absorbed and transported in the gastrointestinal tract, causing damage to the structure and
function of the gastrointestinal tract. Existing research shows that MCs play an important role
in the development of digestive diseases. Acute exposure to water and food contaminated with
MCs can cause gastrointestinal symptoms such as nausea, vomiting, and diarrhea. Low doses
of chronic MCs exposure can cause gastroenteritis and may even induce gastric and intestinal
cancer. Most of the MCs after gastrointestinal absorption reach the liver through the portal vein
system, leading to liver damage and liver cancer. Through summarizing the mechanisms about
absorption and accumulation of MCs in the digestive system, and reviewing epidemiological
studies on the effects of MCs on digestive diseases, especially gastrointestinal diseases, this paper
provided an insight for further study on the relationship between MCs and digestive diseases.
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E MC-LR AIRFBKKRBEOIE 2 —, EXT MCs 5
ABHEEMN AR ENRN , MR Z AR = &R,
MCs 5B BRREZTINEX, BERRMARERZEE
TEER, ESKREFHBHNGEIL, AXHR T MCs
RESAHEBVRSZER (LEEBMERR) IR
ITREMRERE, AE—FHRMC S EURAER
KRR HEBEE,

1 MCsHEMSIRHMER

MCs B K KEFPHIAER RS, P& . &
HREERTCEN—LEEEYEENTIRERKLE
Y, TERKKCERFRHERZTE Y, BT 2T
i n T RERAMN AR, MCs EB ZMHEMIE,
BRIE 4 100 H MCs BHK, EFMC-LIR 2D
B SRR —F MCs, E9F N CioHraN1O1s;
X9 FBREN 995.20 MCs 578 T /KA BES, it
MERIR, WFMRAESIRTE, EBAKKFEREIE
+HEE, AIEE/LAEENLNA Y, BAE Rk
BT ZHRETUE. TIE. M. |1k, SR KM
ZHUAREREBTRER, (NAIERLEFHRMENE
TR e,

2 MCsTEEURZRNBRUL. FZizF1ER

MCs B[ @ d Z M EFRHAVE, EOBAEE
EEERRENRIERR MGEOBANG, 8
HE—ERENRK, BRESEIMCs FES /N FHEL
FER PR IR IR s Zeller 1O A I TE B 40 AR £ 3RIK
B VBB Fii5 % RK3E (organic anion transporting
polypeptides, OATP) 3A1 1 4A1 B & I& 4 MCs BE /7,
BEE 1 MCs TEB RN 55415, BA X e
MCs ERMCHENARIERRZ. B RRPREHE
M E GG WM EFMERMEY A BEMEMCsHY
&7, B MCs B MBERMENNSIEMRFED
1, ZEBFIRUERI MCs KRBT JBEBk R 45 2
KA. 7ERTEARE L FRIXRY OATP 1B1 ] OATP 1B3 BEfE
# MCs TERTRERY 5% 1, MCs B @Y 5 B H R
H % T4 E8 (glutathione S-transferase, GST) LA &5 ¥ Bt
KL (cysteine, Cys) L55, TEFTARREAZ THIE 20 &
HEM AT MCs TERTAF R EFRH RS AF 4R S Atsi (A s

3 MCsHHURSKRENTRITRFHAR
EER, BEEN MCs F1ERABFRFTBRN,

RELMMCIEBURERAERNEELRBTEE TS
BEEMER. 2MZET MG I FECE L. IXIEFAE
SEBEEER, RAENEERBEUSHERXK,
EEAREIE 4 BEME. 28RS MCs A8
DB )RR R A EIARTAE, SEATATEIR AR ATz
NEE. BEPIRITREFAEHRLKIMGRES
. FHER R B XEL
3.1 MCs 5B méEkm
311 MCs5EME MITRFMRRKAE, MCs IS
BRI K E, 19314, Miller F ™ B XIRE T MCs
AEESBNAEB X, BT BV S RKEEKERD
SHUELEKE, BANZEEBI T 8000710000 & 2
MFBRNEE, AEELRY, BURNRERRAKX
FI7E1E MCs BY 35 %, 1966 £E, Zilberg & 15 K I EE
53 Harare TS E KX, ) L ESFEHRB L
BRIAK, BELIE R IREBIN BN 5% 501555
FETBEIRY, mizmh EMEKKISHN) LEHRBEL
BIAK. HNBHANE LSRR MCs
BRYIX FRo ZETF 1997 £, Pilotto Z 1) 3@ 1 A1 R
MIRAEAMERF KT EARARTESIHES
R Ex. HIAETEEAFIT., FEE/RTNM%E
ZRX 3 MIAR 12 MK ERERIZFA852 BB 5 A
R B MR EROR LA SR R 7K S AdIE 0, FHARYEA
BEURELEMRTIAKDSAREA 777 N) 53
BEH (5N, ERETR, YABEETERMAME
FEARF 5000 /mLEYKEERBET 1h, KEREER
ROMEXNERERREEEN 3.44F, RIABIEM
BEFERSENERKERSERALIERBE K.
2006 £, RAFIIL—I0 X F & RAKIHBIRIBE 1 PA T B
RWKRE, BEETESERZEE >20000 M4 /mL
BI7KIER, RTSEESMER A £, SEORS
. B 7R E E R E 7, 2014 £, Lévesque
E B EMEATTET XURBERR, £RETERR
EANIERKES BEEREZEERG X, EitkAEH
BESERTERA, REBPHEER BBEHXMt
BRI 3 (BEEREZER L) | B9AEYT Bt
X, BEUFIE-RNXR. FHREELEREETS
2K SHEMB RN A E 2,
312 MCs5E8kE E5Alk, XTFiEEsR58=
BIIRERLD. MBABARRABENLZESMCH
EEHEE—TMWEL R, 2001 5, Falconer 2 Y & IR
AT ELXERBHENAES MCSHBER X,
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2003 5, RIS @ ESRITREMR RS L, 9
TIRAKAF MCs BEKFSHEE T E B EMEIET
KRR, RIXAKPMCGHBRBEKESEEEE
AR ELSE TR 2 IEMEX, REBIXKPMCs SHAIRES
BREEETEM EFE X, 2008 &, tAERE PINEE
MAKESRRAS EEHBIETCEXRHATRE, &
IAEE IR MCs HMFAMZ (46.5%) BAE =
k&R E (11.1%) , 5iE B AR LIET = (32.02/10 /7)
WEFEE (2239/107) ,, REAMCHEEZ B RET
TRIEMMNREZ —, 2014 £, Svirtev E 2 IHEEER
TTRFESERKEXRFIT TR, KMBEEEAR
KRB IN A B S IR AR R IS RKELIME X,
ANBRARBADEEZRES ZRIFEHMCs
BEEIFEEX, BRig = B EENTETHA
BHABRAETERAIMMCsHNEBKFEFSKIHEN A
JHEEIEH X, ZhouF 77 178 T T IEEX 408 Il K 7
BEE, WEIUKERHEITREE, NREIRAKIR
(HK. B3RK ARK MIEK) FMCGSHIEBE, &
AR K R A K R B MCs BRI R AR ERE S
F BRAKFFHIK, IREARKASAMEKENKGEL
REBESTIXBHKMNBERKNEFE, IREABEXR
K< BTN A BB K B & R BV AE XS fE S
SIRAHKABI 1.88, 7.70. 7.94 1%, T MCs AJHE
BAERFENEREZRZ —. 2003 F, HEHESE >
EIRELHHART —WEBMEHRT, 07T IRE
KA MCs K FHINET BEABFENENE (B1F
KiakE) R TE, RIMB M KFHENFETCRBEEIX
kAR Mcs EE2REINmMILIN. FE, HRIEE 2 HR
SRER, INAKFMCs BEFRS B MERIRE
FHEXRZWMAMEX, SLMRFHREIITRIE TR (8]
THEXM, HRABFH P HR. 2008 F, HHER
EBEMRER, RAKPMC SRAESEETA
RN BRERETET X, 2014 5, Svircev F ¢
& I K BA R & R SRIE N5 R Lt X IR A KK E
RIS SR IER X,
3.2 MCs 5fFAt%&=
321 MCs 5T ABFMMRKRAMGRERILUS
AT 5. 2000 5, 1ERZE ® EIRK MCs 3T A BE
FIMPENEMMRPLIMCG BEAMBARE
& B8 (alanine aminotransferase, ALT). y- & & Bt 4% %
B8 (y-glutamyltransferase, GGT) AR FEERES (alkaline
phosphatase, ALP) 7KF=FXT8R4H, 2001 &, 2N

FLIEIIAKXBERIFNE 20 B/ NEERAR
WK, RIEMCsBBEKEDNIAH, FERETMCGEH
BAMNBANATN GGTENEEBEEER, bk
1R R K HBIR A MCs S5 R8Ik AT BEXT AT RE B R E
ER, (G BUE LS I 248 BEENARTRFF
BT ZEE, RIMIRKMCs RESRSATIEEF1E
RS Z B 2EMES. HREE HIaRINE
KMCs SRS FFIEMBER T HITHR, BT X5
H121ZERM124 BB TAWR, AUHRARE
3% & B8 (aspartate aminotransferase, AST). GGT. ALP 7K
FEEEER ; BEERMCGEESHFRGXARRE
PRF MCs PR BKFRIRN, FEEERNARKIIRE
F MCs FUEIZIEHE. E 220094, Chen % B3I 3 854
35 &8 R IMEERHIT T 9, ZILIEA MCs 7K
T5 AT, ASTHI ALP FRTESIEIRZ IEAEX, H—F IR
MCs IR EXI IR EIRE(ER, 20115, LFEM &
CTIREXFRT MCGSRES ) LEFERGBHXAN
R, WBEF MCcsBIJLE (1322 A) BB G H
TN, RIMBET MCs ) LEM AST I ALP 7K B
ERTHREE)LE, 1877 KEBEMMcs g5 = Ik
EXJLEFRER X, BE, Gannuzzi F A RH
FHIRE ERBETHESRSHSRNKEG, E&
FF YR EY) (ALT. ASTHI GGT) SEIMEBA R I 1N,
2017 5, LuFE YV EARMX IS HE 5493 BREA
HITHXEMEIRZE, RKRAMCs BEIEMN T R
XL, Vidal & 20 F 2017 ELRIVFHIRE BRR
REMESIEENKES, BELIIMFTIERIE,

322 MCs S5HFE RITRFMAIEERAMC B
BESHMEE X EFEEAXEI X MCs BESHT
FERER X RHIT T T ZBRITRFIASE, 2001 &,
P BARSE B3 3338171 1969—1999 F R A M FTEFE T
REBENSEAZHRTAE, AIRERUERIES
EEIRKEMCs 5 RE X, 2001 F, &7lREZE S A
Meta 28975 7A%T 6 AHE RGN BR#HITIA R, &I
AR MCs IR EIEKNEREBFENEFHL L
792.46, INAAMCs. ZEFRNBHBEEFRINIFIR
ERRRAE, JEEREFESLANERZ —. K
BR 7R % B I T A B IR 7K MCs SR IVR 558 k8
B X REHIT TR, ERERNABRREKFENAF
BRATESHRINFES MCs SRIZE—, IR IRAK
I MCs TR TIRE S T e & 8 X B, BRI ARSE ) 5
SIAEIIH#T T A8 Ei K& 83794 A BIRA T A
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RN, BAZTE CoX LLHIRPLIR R FHIT o4, SRR
TIRBKPMC BERERLZ AR ENAEEE
X, Httt X WL R T HERITTRE RS,
2008 &, PG RE P EEESRITREREXNEE
Mk BRSO EEMRER LSBT R
TR, ZI@EBETMCs KNS ER R 46.5%, BE
ETFRKRENAMR (11.0%) . 185 1R
TR X ZERE GIHRAH) MY 4135, 2013 F, EE/RET
T T ERKESRAMFREXRANESERR, H
RETRIRAREIKEKEKNMX, FEMFRERNE
REREEEING, 2017 F, ZhengE ¥ T E KX ARG
X33 A ZEME MCs 5 R & 14 BT 48 A e XL BG B9 % &R 3
77 RGBT IBRST, 1R 214 BIFT 2 N IR & T4
BRI B ETMER. FHRITEHY 214 HISTERE, 45
BIR, BHLAIE MC-LR 3R & 14 FF4RAR = X L B
IEOR/2.9 ; BREEMBERN MC-LRKREIEN, RA M4
FFAmf R RMIE I, 2T —EFIE - BMNX R 1
BENARD P B RMCGRESHENEEEREX
BX, AIRER AT EEESERIRIE.

| S}

4 HFiL5RE

Z LR, Mcs B RERN B IS ERATIES S,
KHRET MG e SHE ke, FFENA L. T
X MCs B I EHERRITRERARRD, FIHART MCs
S5BmEEXARRNRITRF AT I ERESFEH
REIVRHAR, HHIRTERIARSBATIRRTUS ML, A5
FERIBTMCs 5B IHBRRN AL L BE —ERXEL,
BEERRMCs 5 BIER (TEB R ZENESR
EFHRo MCs AFAES M ABHIEREXNRZ, FI#AMCs
RSN R TREMREBERTESERRS
IURERS, At —SRRmmRE ZBINXR, ImHAFRET
SRR S, KREBDERIIKRBMCs BESHIES
MEX, BREZEERXEZANBIALETEHR—FH
TITRFIEE. S5, EEUTAEFE Mcs 5381
AGEHNR - (1) MG 5 BSMEXRRT
REMR, NEEBEPTROXIBARSATIAR L,
H—3F ERA MCs TE B IiBRR A £ A BHIER. (2)
MCs 5 FFRE S BRI TR IR R R ISR R GRS BB 5%,
HITRFIEAT, RiEEFHE Z BHNERRX R,
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